Glycation and production of free radicals become important mechanisms underlying skin aging. Muntingia calabura is reported to have antioxidant activity in many studies. The effects of M. calabura aqueous leaves extract (MCALE) on oxidative stress and histological changes of mouse model of skin aging were evaluated in this research. Twenty male albino mice were divided into five groups: healthy control; aging control; aging + MCALE 35 mg/kg; aging + MCALE 70 mg/kg; and aging+vitamin C 28 mg/kg. To induce aging condition, oral gavage of D-galactose 500 mg/ kg/day were given for 6 weeks. Prior to treatment, blood samples were taken for malondealdehyde (MDA) analyses. MCALE and vitamin C were administered subsequently by oral gavage for 4 weeks and at the end, MDA analyses were performed again. Routine and van Gieson's staining were performed to analyze epidermal thickness, fibroblast cell, and density of dermal collagen. Groups received MCALE 70 mg/kg and vitamin C had lower plasma MDA level; higher fibroblast number and density of collagen bundles which is reduced in the aging group (p < 0.05). However, epidermal thickness among the five groups was not significantly different. It was concluded that MCALE had antioxidant and anti-aging effects on D-galactose-induced mouse model of skin aging.
INTRODUCTION
Aging is a natural process which occurred since the beginning of life. Chronological aging and photo aging can contribute to result in skin aging. Aging induces changes in the skin morphological structure, skin integrity, and alters normal function of skin. Aging not only affected epidermis, resulted in thinner epidermis, but also affected dermis. Dermal matrix was degraded and cellular synthesis' capability decreased (Pageon et al., 2014) . Aged skin develop dermal atrophy and decreased fibroblast activities (Tigges et al., 2014) resulting in declined elasticity, uneven pigmentation, increased roughness and dryness (Waqas et al., 2014) , and also fine rhytids which can be followed by persistent deeper folds .
Many theories have been postulated to explain aging mechanism, including increased production of free radicals and the macromolecular cross-linking due to glycation reaction . When free amine groups non-enzymatically reacted with reducing sugars, Advanced Glycation End-products (AGEs) will be producted (Asif et al., 2000) . This reaction is called Maillard reaction or glycation. AGEs can cause macromolecular cross-linking, which commonly occured in tissues with slow degraded macromolecules, for example, skin collagen in dermal extracellular matrix (Frye et al., 1998) . Accumulation of AGEs in matrix of aged skin will further impair skin homeostasis. This impairment is characterized by senescence cell viability, alteration in gene expression, and also in global synthesis. Eventually, these cumulative alterations will affect biomechanic properties of the skin (Pageon et al., 2014) .
D-galactose aging animal model is one of wellrecognized animal models for aging condition and has been widely used in anti-aging research (Ho et al., 2003) . Many studies have shown that D-galactose-induced condition mimetic aging in experimental animals (Song et al., 1999) . Compared with other animal aging models, such as senescence-accelerated mouse model and natural aging mode, the modelling method of D-gal animal model is simple, inexpensive, and stable (Ho et al., 2003) . Animal received D-galactose will gain an increase of intracellular galactose concentration. Galactose then be reduced into galactitol in the catalysis of aldose reductase. Galacticol will be accumulated in the cell, since it cannot be metabolized. Intracellular accumulation of galacticol will change the cellular osmotic pressure that leads to cell swelling and dysfunction and ultimately leads to aging (Chen et al., 2010) . In addition, free radicals generated from D-gal metabolism in vivo can result in aging as well .
There are many intrinsic antioxidants which can be used to protect skin damages due to free radicals, but sometimes body needs extrinsic antioxidants. Recent studies reported antioxidant and anti-aging effect of some natural products, such as Muntingia calabura or Jamaican cherry (Ramadas et al., 2015) . Muntingia calabura is an evergreen tree originally distributed in tropical America, but now it is widely distributed throughout the world. Not only nutritional values, but M. calabura also have been reported to have medicinal uses. Scientifically, a number of flavonoids and phenolic compounds have been isolated from various part of the plant and structures were elucidated by spectroscopic analysis. The leaves of M. calabura have potential antibacterial effect in vitro against certain bacteria (Zakaria et al., 2006) , antipyretic and anti-inflammatory effect in vivo (Zakaria et al., 2007) , free radical scavenging activity (Bodke et al., 2013; Ramadas et al., 2015) , and also antinociceptive activity . Among other plant body parts, leaves of M. calabura had the highest antioxidant properties (Ramadas et al., 2015) . It is reported that leaves extract of M. calabura contain many phytoconstituents, such as saponins, polyphenols, ascorbic acid, tannins, flavonoids, and also α-tocopherol (Premakumari et al., 2010) . In the present study, anti-aging and antioxidant effects of M. calabura aqueous leaves extract in D-gal-induced skin aging mouse model were examined.
MATERIALS AND METHODS
We conducted an experimental study in the Integrated Research Laboratory, Faculty of Medicine, Universitas Islam Indonesia, Yogyakarta, Indonesia from December 2016 to June 2017.
Extract preparation
Young leaves of M. calabura were collected from the Universitas Islam Indonesia campus during December 2016. Plant's speciment was authenticated by Faculty of Mathematics and Natural Sciences, Universitas Islam Indonesia, Yogyakarta, Indonesia. The collected leaves were cleaned with tap water and air-dried for 1 week. The leaves were then dried in 50 ± 1ºC and then ground using a milling machine into powder. About 1,000 g of the powder was soaked with 5 l of distilled water for 24 hours and then filtered using filter paper. Residue was re-soaked with 5 l of distilled water for the next 2 × 24 hours. All filtrates from 3 × 24 hours extraction were collected and solvents were removed by rotary evaporation to obtain crude extract. Crude extract was stored in 4°C until use. Aliquots were withdrawn and then dissolved with distilled water to obtain the desired doses.
Experimental animals and intervention
We used 20 healthy male mice (Mus musculus Balb/C) 12 weeks old age (25 + 5 g). The number of the animals was estimated based on Festing research equation (Charan and Khantaria, 2013) . Mice were housed in a group cages in standard laboratory condition (22-30°C room temperature, and 12 hours light/dark cycle) in the Integrated Research Laboratory. Mice were acclimatized for 7 days before experiment. During acclimatization and experiment animals were given standard pellet diet and mineral water ad libitum.
Design of experiment
Experimental animals were divided into five intervention groups: Group I is normal control group (only received distilled water during study); aging control group received distilled water (Group II); aging + MCALE (M. calabura aqueous leaves extract) 35 mg/kg (Group III), and aging + MCALE 70 mg/kg (Group IV); and aging + vitamin C 28 mg/kg (Group V). To induce aging condition, group II-V were force fed with D-galactose (Sigma-Aldrich, USA) 500 mg/kg daily for 6 weeks. Pre-treatment, malondealdehyde (MDA) level was analyzed from blood samples taken from retro-orbital plexus under light anaesthesia. To obtain treatment solution, crude extract and vitamin C (Dexa Medica, Indonesia) were weighted using electronic balance (Ohauss PA214, USA) and reconstituted in distilled water. Animals received 1 ml working solution orally for 4 weeks. After 4 weeks of treatment, animals were anesthesized with ketamin injection (i.m) and blood samples were taken from retro-orbital plexus, after which animals were sacrificed. The dorsal skin of the animals was shaved and an area of 1 × 1 cm 2 was taken for histology staining.
Plasma malondealdehyde analysis
Blood was collected from retro-orbital plexus and maintained on ice in tubes containing anticoagulant followed by centrifugation at 4,000 rpm for 15 minutes. Plasma was pipetted and stored for −20ºC for later analysis. Plasma MDA levels were determined based on Ohkawa's procedure using (TBA) thiobarbituric acid (Sudha et al., 2012) . Standard MDA solution was processed along with test samples. 0.8% of TBA acid was added to sample, then 8.1% sodium dodecyl sulfate and acetic acid were added and then mixed well. After heated at 95ºC for 1 hour, all mixtures then cooled under tap water and then absorbance was measured at 532 nm to estimate plasma MDA. Plasma MDA level was expressed in nmol/ml.
Microscopic analysis
Dorsal skin tissue was placed in 10% buffer formalin, cast in paraffin. Five-millimeter paraffin sections were deparaffinized, stained for Hematoxylin-Eosin to evaluate dermal fibroblast and epidermal thickness, and also stained for van Gieson's (picric acid and acis fuchsin mixture) to quantify density of dermal collagen bundles. Photomicrograph was taken with Olympus CX22 (Olympus, Japan) equipped with Optilab Viewer (Miconos, Indonesia). Dermal fibroblast counting was performed in five separated fields, while thickness of epidermis was measured as the distance from basal membrane of epidermis to the uppermost corneal layer employing Image Raster (Miconos, Indonesia) also in five separate fields. To perform morphometric analysis for density of dermal collagen bundles, papillary dermis' area occupied by collagen bundles (characterized with red-colored bundles) was compared with total area and reported as percentage. This analysis performed using 400× magnification, with Image J software (Maryland, USA), in five fields of each sample.
Ethical clearance
Research protocol was approved by the Health Research Ethics Committee, Faculty of Medicine, Universitas Islam Indonesia (Registration number 32/Ka.Kom.Et/70/KE/I/2016).
Statistical analysis
All the analyses were performed with IBM SPSS Statistics version 21. Normal data were reported as mean ± SD; One way ANOVA was used to compared inter-group comparison and Tukey HSD post-hoc test for multiple comparisons. p value < 0.05 was considered as significant.
RESULTS AND DISCUSSION
Research for investigating anti-aging and antioxidant effect of M. calabura leaves extract on D-galactose-induced skin aging mouse model was conducted for 12 weeks. During aging induction and interventions, animals were in good condition, there is no sign of appetite abnormalities, abnormal discharges, while volume of feces and urine were reported normal. Induction of aging with oral gavage of D-gal for 6 weeks significantly elevated plasma MDA level compared with normal control groups ( Table 1) . Induction of D-gal 500 mg/kg orally for 6 weeks can increase plasma level of MDA, as one of the senescence-associated markers. This research is consistent with Yang et al. (2012) which also reported that plasma MDA level were increased in mice received D-galactose administration for 6 weeks. Wherever reactive oxygen species (ROS) are generated, intracellular oxidant levels will increased and will lead to two main effects: damage in several cellular components and activation of specific signalling pathways. These two main effects can affect significantly on physiological processes and metabolic pathway closely bounded up with aging of the skin. Excess ROS can make lipid peroxidated in vivo and the final oxidation product is MDA. Malondealdehyde can direct the protein and nucleic acid to cross-link and have cytotoxicity effect. Therefore, body's status of lipid peroxidation can be reflected directly by the content of MDA, while cellular damage level brought by ROS also can be indirectly reflected by the content of MDA (Jiang et al., 2013) .
In order to mimic natural aging in experimental animals, chronic administration of D-gal has been used to induce oxidative stress in vivo. Cells can metabolize D-galactose at normal level, but when D-galactose was given at high doses, it will greatly increase the concentration of intracellular galactose in vivo. Intracellular D-galactose can be converted by galactose oxidase into aldose and hydroperoxide. This reaction will generate oxygen-derived free radicals and superoxide anions . D-galactose can also reacted with free amino acids to form AGEs. These free radicals generated from D-gal metabolism in vivo can result in aging (Ye et al., 2014) . Aging condition resulted from chronic D-galactose administration is one of the best aging models and mimics clinical aging studies (Parameshwaran et al., 2010) . Aged animal induced by D-gal demonstrated neurological alteration, as well as reduced antioxidant enzymes' activities, and impaired immune responses similar with normal aged individuals. D-galactose-induced models are widely used as a reliable aging mouse model (Mohammadirad et al., 2013 ) and also suitable model for studying therapeutic antioxidant treatment (Parameshwaran et al., 2010) .
After 4 weeks of treatment, aging group received vitamin C and MCALE 70 mg/kg had significant lower plasma MDA level compared with aging group, but when compared with normal group, it still had higher plasma MDA level (Fig. 1 ). Aging group also had the lowest dermal fibroblast cell number (Fig. 3) , while group received treatment with MCALE and vitamin C had higher dermal fibroblast cell number, but still had lower dermal fibroblast number than normal group. Normal group had the highest density of dermal collagen bundles, while aging group had lowest density of dermal collagen bundles. Aging group received MCALE 70 mg/kg and vitamin C showed improvement in density of dermal collagen bundles compared with untreated aging group (p < 0.05) but still had significant difference with normal group (p < 0.05, Fig. 4 ). On the contrary, there was no difference in epidermal thickness among five groups (p > 0.05, Fig. 2) . On dermal compartment, aging group had the lowest number of fibroblast cell (Fig. 3b) . Skin aging is influenced by the many factors that act mainly on the dermis, such as extracellular matrix and fibroblast. Since dermal fibroblast had long life span, they are vulnerable to damages due to accumulation of metabolism products and abnormal adaptation. In skin aging, there's a declining of fibroblast growth capacity which further can lead to alteration of its functions in collagen synthesis (Tigges et al., 2014) .
Fibroblast aging often connected with declining of growth factor signalling abnormality, which affect mainly on major growth factor for fibroblast, Platelet-Derived Growth Factor (PDGF). This growth factor can bind to both PDGF-α and PDGF-β receptors. Binding of ligand and receptors will activate signalling pathways, including mitogen-activated protein, Phosphatidylinositol-3 kinase/Akt, and Janus kinase. In aging process, those signalling pathways activities decreased which can lead to decreasing of fibroblast proliferation. Dermal fibroblast aging also can occur via various mechanisms such as DNA damage, telomere shortening, post-transcriptional pre-mRNA processing disruption, epigenetic alteration, and dysfunction and damage of mitochondria (Tigges et al., 2014) . It is also reported that dermal fibroblast of aged people had lower capability to replicate and had abnormal pattern of collagen and substance secretion (Marcos-Garcés et al., 2014) .
Aging group also had the lowest density of collagen bundles (Fig. 4b) . In aging condition, it has been reported that modified protein were accumulated due to post-translational nonenzymatic reactions, e.g., glycation and oxidation. This reaction produced AGEs which have catabolic effects on the molecules they bind (Marcos-Garcés et al., 2014) . AGEs can cause protein cross-linking and polymerization. This modification, especially occured in long half-life proteins, such as dermal collagen (Odetti et al., 1998) which had 15 years half-life. AGE-modified collagen has abnormal characteristics, solubility, conformation, reactivity and also had very slow turnover rate due to its altered structure (Nedić et al., 2013) . One of glycation products is pentosidine although only produced in a small fraction, it is considered to be a marker to evaluate biochemical changes following posttranslational reactions in aging tissues since its ability to cross-link the proteins (Odetti et al., 1998) .
During skin aging, there was a loss density of collagen bundles due to declined activities of dermal fibroblast. Varani et al. (2006) reported this declining can lead to rapid decrease in collagen secretion, mainly type I and III, reduced synthesis of type I procollagen and reduced fibroblast proliferation. Dermal fibroblast decreased expression of growth factor essential for collagen homeostasis, such as Transforming Growth Factors (TGF)-β and Connective Tissue Growth Factors (Quan et al., 2010) . It is also reported that AGEs accumulation alters collagen conformation and produced more fragmented collagen bundles in aged dermis (Baroni et al., 2012) . Decrease in collagen density is also reported to be connected with an increased expression of Matrix Metalloproteinases (MMPs) which can degrade extracellular matrix, such as MMP-1, MMP-2, and MMP-9 (Quan et al., 2011) promoted by fragmented collagen in the tissue (Hernández-Pérez and Mahalingam, 2012) .
Treatment with vitamin C reduced plasma MDA level, indicated that MCALE and vitamin C had in vivo antioxidant property. Vitamin C is very important for skin health, it stimulates collagen production in the skin fibroblasts (Waqas et al., 2014) . Vitamin C acts as a potent reductor, preventing damage due to free radical production during metabolism. Vitamin C also had cytoprotective effect, minimalize oxidation effect of the DNA, showed protection on lipid peroxidation, and able to restore oxidated amino acid to maintain protein integrity (Grosso et al., 2013) . Vitamin C is an important antioxidant since it has capability to penetrate in deep skin due to their small molecular size. It has been reported that in 5%-15% concentration, vitamin C can attenuate skin aging, induce collagen production, including type I and type III collagen and also induce production of enzymes essential for collagen synthesis. Vitamin C is also had been reported to inhibit MMP-1 and collagenase-1, enzymes which is well known to have collagen degradation activity (Ganceviciene et al., 2012) .
Treatment with MCALE 70 mg/kg gave positive effect on skin structural damage indicated by improved fibroblast cell count and density of dermal collagen bundles compared with untreated aging group. Phytochemical analyses of M. calabura leaves extracts demonstrated the presence of high content of phenolic compounds (Zakaria et al., 2011) and high total phenolic content value (Bodke et al., 2013) . The antioxidant potential of M. calabura can be explained based on the respective phytoconstituents detected in the extract. The leaves extracts of M calabura contained flavonoids, chlorophylls, and also ascorbic acid which had antioxidant activity. In vitro analyses showed that extracts of M. calabura (leaves, fruits, and roots) had good antioxidant activity when compared with common antioxidant substances (such as curcumin, α-tocopherol, and ascorbic acid), and leaves extract of M calabura had the highest antioxidant activity compared with other parts of the plants (Ramadas et al., 2015) . Tapas et al. (2008) had been shown that flavonoids to exert antioxidant, while others reported anti-inflammatory effect (Zakaria et al., 2007) and protective effect against paracetamolinduced hepatotoxicity (Mahmood et al., 2014) . Moreover, Elekofehinti et al. (2012) demonstrated that saponins from Solanum anguivi fruits to have antioxidant and antiperoxidatives properties. Saponin had been reported to have anti-aging property, it can triggers activation of AKT/FOXO3a and Nrf2 pathways which further can enhance expression and function of antioxidant enzymes, such as superoxide dismutase-2 and catalase (Ramadas et al., 2015) . Muntingia calabura extracts also contain polyphenols which stabilize ROS via proton donation, hence prevent further lipid peroxidation (Balakrishnan et al., 2011) . Polyphenols also had been reported to have anti-glycation activity via inhibition of RAGEs (Receptor for AGEs) signalling (Sadowska-Bartosz and Bartosz, 2015) . Tannin have been reported to have in vitro radical scavenging activity, in vivo antioxidant activity via activation of antioxidant enzymes, and also possess anti-inflammatory activities as well (Kumari and Jain, 2012) . Muntingia calabura leaves also contain ascorbic acid which can act as antioxidant and anti-aging agent (Ramadas et al. 2015) as well.
Although many positive results of M. calabura in improving skin histological parameters or aging, this research found no difference in epidermal thickness among the five groups. This research limited only measure it from histological section under light microscope. Although Lademann et al. (2007) reported there's no difference in measuring epidermal thickness via paraffine-block sections, laser scanning microscopy (LSM), and optical coherence tomography (OCT). Peña et al. (2014) suggested the use of LSM and OCT to avoid any damage and distortion of skin tissue during histological processes. More specific method will give specific and representative result on measuring epidermal thickness. Further investigation in safety of M. calabura is also needed to bring M. calabura study into clinical setting.
CONCLUSION
In brief, it can be concluded that M. calabura aqueous leaves extract in 70 mg/kg dose had anti-aging and antioxidant activity in vivo which characterized by plasma MDA level and fibroblast count and also the density of dermal collagen bundles. In the D-galactose-induced skin aging mouse model, plasma MDA level was increased and there was a decrease of fibroblast count and density of dermal collagen bundles. However, improvement of M. calabura leaves extract and vitamin C not yet give an equal result as the normal group. This result can be implemented in the future to promote the use of M. calabura aqueous leaves extracts as a complementary treatment for preventing skin aging.
